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1.0 INTRODUCTION

The low lying layer of dust created by nuclear bursts over

desert-like ground surfaces produces several effects which are of

importance to the defense planner. First, this layer, referred to as

shock-entrained or sweep-up dust, contributes to the loading of the dust

stem which is of importance in considering RV or interceptor erosion,

radar propagation disturbance, and radioactive fallout. Secondly, the

low lying layer can itself adversely affect propagation of radar and

other electromagnetic or optical communication signals. Thirdly, this

dust is of concern because it may alter the waveform of the shock wave

and because its concentration may be so great as to affect the dynamic

load imposed upon a s4tructure.

A newly devised technique for determining shock-entrained

dust concentration through analysis of existing Nevada atmospheric test

photographic records is described in this report. Results obtained by

application of the technique to s ected motion picture frames of several

nuclear test shots are also presenced.

1.1 iBACKGROUND

The extensive Nevada test movie footage has been effectively

exploited in the past to arrive at mathematical expressions for the

At the outset of this research the name "Visual Range Technique" was
coined. The designa tion used herein, which better connotes the more
general aspects of tile method, is "Contrast Attenuation Te1ch; iquC".

7t



spatial dimensions of the precursor shock-entrained dust layer as a

function of weapon yield, burst altitude, and time. This was accomplished

by correlating, for a variety of test shots, measurements of dust layer

film images with known burst data and time (Reference 1). In somewhat

related investigations (Reference 2) measurements of the height of the

thermally generated pre-shock dust layer wera made utilizing the Nevada

Test Site (NTS) films.

Merely a cursory examination of the NTS photographic data

reveals that there exists a large collection of movies produced to record

various nuclear effects on a variety of objects. The objects are usually

at ranes varying from a few meters to about a hundred meters from the

camera. Almost invariably, during or shortly following the observed

Cffect, both the photographed scene and the camera become immersed in a

cloud of dust. As the dust is swept to and fro -cross the field of view

by the post-shock winds, objects are alternatelv rendered visible or

bscured by the nonuniform billows. Toward the end of the negative phase

the dust cloud approaches uniformity, and the objects become more or less

clearly visible, depending on their distance from the camera and on the

general level of dust concentration.

These observations of the reduction in visibility of the

pho tog.raphed objects led to the present attempt to express this measureable

reduction in terms of the unknown dust concentration and the usually known

observer/c I]cct dista nce. Tbhis would then allow one to determine the

concentration level. Indeed, previous investigations based on this



low

approach can be found (e.g., Reference 3). Although these studies

involved fog as the obscuring medium, and visual measurements were taken

at the actual scene and not from photographic replications of the scene,

the principles employed are quite applicable to the present problem.

In the cited study an approximate theoretical relationship

between the meteorological range (related to the visual range) and the

liquid water content of fog was developed. The relationship was later

refined (References 4, 5, and 6) to include precise specification of

the particle size distribution. In these studies, predicted water content

based on observed meteorological or visual range was in good agreement

with measured water content, as exemplified in Figure 1.

The visual range is roughly defined as the distance in an

attenuating medium at which an object is barely perceptible to an

observer. Based on this rough definition, the cited studies may be said

to have determined the concentration of the fog by measuring how far the

human eye can see into it. Actually, the concept of visual range is

derived from the ideas of contrast attenuation and visual threshold

(Reference 7) and may be more precisely defined as the distance, under

daylight conditions, at which the apparent contrast between an object

and its background becomes just equal to the observer's threshold of

contrast detection.

In observing an extensive landscape on a hazy day the reader

has doubtless observed the phenomenon of contrast attenuation. The

photograph of f;uccessive mountain ranges shown in Figure 2 clearly depicts

9
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Figure . Meteorological range versus liquid water

content of arctic fogs. From Kumai (1973).

the phenomenon. It is observed that the tree covered hills in the fore-

ground are in pronounced contrast with the horizon sky background, whereas

the contrast becomes progressively less pronounced for the more distant

ranges. Contrast attenuation is further demonstrated in the photograph

of Figure 3 for which fog is the attenuating medium. Here, it is seen

that the trees become less darkly contrasted against the light background

as their distances increase until eventually no contrast is detectable.

A tree just at the threshold of detectability would be said to be at its

visual range. For the particular fog in which this photo was taken this

distance was measured to be 45 meters.

The present study has applied the concepts of contrast

attenuation and visual range in analyzing selected Nevada atmospheric test

to1
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photographic records. In particular, photographs of objects at known

distances and under various degrees of obscuration by dust are examined

either visually or with the aid of a microdensitometer to arrive at a

determination of the level of concentration of the dust. It should be

pointed out that the techniques used here are rather crude compared to

those involving the sophisticated dust analyzing instrumentation currently

employed in high explosive tests. However, it is felt that the visual

and photometric approach set forth here is well suited to gain otherwise

unobtainable dust concentration information from the photographs of past

nuclear tests.

1.2 OBJECTIVES

The objectives of the present study are enumerated below.

The respective section of the report which documents the accomplishment

of each objective is noted.

1.2.1 Formulation of Theoretical Principles

Although the principles on which this study is based are not

original, nevertheless they have never been applied in connection with

the determination of dust concentration. Therefore, a brief summary is

given in Section 2 of the concepts of brightness contrast attenuation,

visual range, particle size distribution, and Mie scattering cross-

section as they are applicable in the present context. The theoretical

relationships from which one obtains the desired dust concentration in

terms of observed contrast attenuation are also presented.

12



1.2.2 Exhaustive Survey of NTS Films and Associated

Weapon Test (WO') Documents

The DASIAC catalogue of Nevada atmospheric test films was

searched in an attempt to locate all motion picture footage which is

relevant to the present shock-entrained dust concentration study. Films

were selected based on documented descriptive comments on the objects

and action within the field of view as well as furnished quantitative

data pertaining to frame rate, time duration of film, and range of cameras

and objects from the burst. Thle quantitative data was considered in

conjunction with known time of arrival and spatial extent of the dust

layer to select promising footage for further visual examination. Each

candidate movie was then viewed to ascertain the degree of obscuration

of objects within the field of view in order to determine whether contrast

attenuation and/or visual range could be measured at various times

following dust arrival.

In addition to the survey of the film archives, the associated

weapon test documentation was also searched to obtain parameter values

required in performing the dust concentration determinations. The

It should be borne in mind that, during the Nevada test series, dust
was generally regarded as merely a nuisance to be avoided in performing

nuclear effects photography. On occasion, definite steps were taken to
alleviate the visibility problems caused by the dust. These included
stabilization of the soil in the photographed region and elevation of the
cameras well above the ground surface. It should also be mentioned that,

since there was little interest in photographing the dust itself, much of
the footage showing pronounced obscuration of the test objects was dis-
carded. In view of the present defense interest in nuclear dust these
circumstances are unfortunate, especially so now that atmospheric testing

is disallowed. In spite of these drawbacks, however, a large number of
motion picture sequences were found to exist which can provide dust

concentration information when analyzed by the contrast attenuation

technique.

13
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1.2.5 icrodensitometer Measurements of Contrast
Attenuation

To complement the determination of dust concentration through

visual detection of threshold contrast (reported in Sections 3 and 4),

contrast measurements were made with the aid of a microdensitometer

(reported in Section 5). One of the purposes of these measurements was

to provide a check on the visual measurements. The other purpose was to

extend the contrast attenuation technique to cases involving general

contrasts below and above visual threshold.

1.2.6 Investigation of Error Sources

In addition to the investigation of the effects of uncertainty

in particle size distribution on the predicted dust concentration, pre-

liminary examinations of other expected sources of error were made as they

were encountered in the study. There are basically three categories

of error sources. These are, 1) uncertainties in contrast attenuation

and threshold associated with the actual viewed scene, 2) inaccuracies

introduced in the photographic replication of the scene, and 3) limita-

tions of the theoretical models which relate the desired concentration to

the measured contrasts. A thorough determination of error bounds of the

contrast attenuation technique will require performance of the experiment

planned in objective 1.2.7.

1.2.7 Development of a Comprehensive Validation Test Plan

To accurately quantify the accuracy of dust concentration

levels predicted by the contrast atteiudation technique a detailed plan

of a validation experiment was devised (see Section 6). This experiment

15
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is designed to be performed in connection with a future high explosive

test. The experiment will determine the accuracy of the technique by

comparing dust concentrations deduced from photographically recorded

contrast attenuation with those obtained simultaneously using state-of-

the-art dust sampling and measuring instrumentation.

16
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F7igure 4. Object viewed by an observer through
alighIt attenLIuating medium~l.

where B o (R) is the bri gb tncss of the object as measure.d f roml the distance

R , and B~ is the brighitness Of the bac kground . Si i larlv'. the brighitness
b g

contrast of the object when viewed at close rang ,e is

C C,
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where R is Lhe object distance, and is thle scattering extinction

coefficient of the medium. *Accordingly, thec contrast "transmission" is

defined as

C(R)/C 0= exp(-s R)

2.2 DETERCNIINATION OF EXTINCTION COEFFICIENT BY

MEASUREMENT OF VISUAL RANGE

As the observer/object distance R is increased the contrast

transmission drops in accordance with Equation 4. When the contrast

transmission drops to the threshold at which the image is barely

distingnLisliable against the background, then the(; object is by definition

at a distance eqoal to thle v isual range V. Under these conditions we

(C/C ) =ep- V),
o thresh s (5)

f rom WhIich we W2Canl caCUI late thle ext inc tion coef fic ient .

-imo(C/c )
') thresh

s V- (6

Thus , if oile measures the ciista nc e at Whiich ie 'just perceives ain object,

a lid iI lie knows hiis cyc ' S coot rasL t ransm iss ion tLh re slio i for thle

hi the 01 eti o de vbakte i 'mt;'sm I i-lt , and dil Clc t
beam al, sorpt ion inl add it ion to scatering oit Lh is ightII b" the inter-
yen iilw, mc4d innf Mlist bec ta k n in to ac'count . 1For tile c omp e) t L21v1 ; hI ac k
Olbe t' C LI 10We(2V L-r , the c otrs at tei t o is asc so Ii L SC dS01CIY1 V I ic Jut
1)e ni, i otoiei i n to I(ik-(-( til Ii i , I d Fi v i t-w , and t h i is 1 proes s in %7o I v'C ; o n Ix
scalLt Ic in'11,. 1\l I the cases coonsiderc'd 1tile Ll c 's'nt s;tl(d\ invoIle

01) lctO Wich~ Tore0r1le' ()I-oclec hleknclss, so that, 01niV scatter1ing'
W (5 115 dILo' cd . icll' IS i ll'ras n i1( W'%cr , wihy t - eTc't hod Cal'000 t bec

1usc'd I,)[- ohijct s lmi i non-zero i nhercent brightness-, as long a tile
I h:or 1t i o cr oss sict ion: IS Ippl-opl- iltch V IlltLroduccd.
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particular object, he can determine the extinction coefficient of the

medium from Equation 6.

Obviously, measurements of visual range by different observers

would be expected to differ somewhat because natural eyesight variations

result in differences in contrast perception from one individual to

another. Tests in which thousands of threshold measurements were made

on a large number of individuals give a measure of the statistical varia-

tion to be expected (References 7 and 8). In these tests each observer

determined the visual range by measuring the distance from a range marker

at which he just perceived the marker. Simultaneously, the extinction

coefficient of the medium was measured with a transmissonter. Then,

from Equation 5 the contrast transmission threshold associated with each

measurement by each individual observer was calculated. The thresholds

were found to be distributed log-normally as shown in Figure 5. Using

the midline between the two sets of measurements one sees that only ten

percent of the measured thresholds fall below .015 and only ten percent

lie above .067, and the median threshold is .030. We summarize in

Table I the experimentally determined variation in observers' thresholds

and the corresponding variation in the extinction coefficient determined

from Equation 6. The foregoing data imply that if a random observer

determines visually the visual range for one of the scenes shown in the

selected films and employs the expression C, = 3.5/V, then eighty percents

of the time the true value of f' would lie approximately within plus ors

minus twenty percent of the calculated value.
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OF CONTRAST TRANSMISSION THRESHOLD

Figure 5. Statistical variation among individual

observers' contrast transmission thres-

hold for a black object (C z -i).

'fable 1. Observed variation in

contrast transmission

threshold and corres-
ponding variation in
extinction coefficient.

(C/c0) thresh S

NOMINAL LOWER LIMIT .015 4.2/V

MEDIAN VALUE .030 3.5/V

NOMINAL UPPER LIMIT .067 2.7/V
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It is important to point out that ox- Lpt f or very small dar k

objects and very poor lighiting- conditions, the threshldic distribution

shown in F igure 5 is independent of objt sieadbakrud 1 1i in

Indeed blackwel 1 (Reference 9) shows this independence to exist for

objects whose angular diameter exceeds 200 arC-m1inu LOS (approxima telyV

equ ival1ent to a dime viewed from one foot away) and f-or lighting'

'O dit ions- va rv ino from those of noon onl a clear dayv down to one qua r ter

h on r a ftc r sutnset We mont ion thI at thle I igh'It iu n'cond itionls and the oh)je oc

tor- ro tiler, f ilm image) sizes encountered in the prueent s tUdN do no1t

e.Xceed these limits.

It should be noted that a possible error is introduced when

one makes tire visual range determination from a photograph of thle scene

instead of the scene itself. The differences between thle ac tool Visual

range and thie ''photographic'' range can arise from threc sour-ces Frs

a variation from,, unit\, of thle slope of tile eMUl sion ' schlarac ter ist ic

curve canl resulit in a dliff erenc e be tween thle Contrast on the hiot o'graphl

and the contraist exis;ting inl the actLil scone. Second, tiere i 5 kisna I I

some scatteoreod I igh t pr-esent ill camlera;s. Add ition of thiis '\c naar'

to the I ilit in) the di roet image' canl caulse i reduict ion inl conIItra .

ClI i Lrd , thre cmii s iOn has a spct ra I soensi it ikci t that Ulci I V dcv ia to'-'I s -fOm

tha t or- th I IC V. TILb is f actL, colipl Iod si L tLi ti a Ltociluctlu e lia' 11 -

pr-efterientLialI scatttr Lni- oC c Irta ;! 1 1waIvele Cng't hs in Litile rL-ons 01SCOn11tad in 1ia11

th I 'Spe)Ct ral I s Iii-vIx c dv Iiati on s , ca ;iil teI t cI &t rost-

In s'pik ito f t I i s a LL -, Iter Lion n11 coa iat t f I 1 Is si Lit- I. va-unity L nna a

s t I 1 I be uisedl to detoerm inc the dig t e.Xt 1 nt ionl (coI i t an31L Iid itnlcec
tue, dust, concentra'tion, ais is domol(nStl-i1ted in Sect ion 5



The exact extent of the effect of these photographically

introdtuced errors on the results obtained in the present dust study can

only be determined by duplicating as nearly as possible the experimental

conditions which existed in the nuclear test. Duplication of conditions

pertaining to attenuating medium, lighting conditions, and cameras and

film employed is planned in the high explosive validation experiment

described in Section 6. Preliminary to this comprehensive experiment

some measurements have been made in the present study which give a rough

indication of the magnitude of the difference between visual and photo-

graphic range which might exist.

This preliminarv experiment involved measurement of the visual

range in fo,, instead of dust. Various objects immersed in this fog were

approached by an observer, and the distance at which each object became

visible (visual range) was measured to be 45 meters. 'file object was

photographed from this distance using high speed Kodak Tri-X Pan film

at f/5.6 and L/250 second. Photos were also taken at measured increments

nearer to and farther from the object. Figures 6 and 7 are photos of a

cabin and rail fence taken at the visual range and at 10 meter:, (22 percent)

nearer. The cabin is seen to barely approach the threshold of visibility

on the photographic record only when the camera is moved closer by this

amount. Similarly, Figures 8 and 9 are photos of a tree taken at the

visual. range and at 15 meters closer. Here, there is seen to be a

'3 percent difference in the visual range and the photographic range.

These photos demonstrate that an error could possibly be involved in

determining the visual range from photographic records in the present
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f7igure 6. Cabin photographed from the visual range of
45 111 in fog.

F igure 7 . Cabin photographed f romn a d istanuce
10 m less than tile visIA range L.



Fiyiure 8. TFree pho tog,,raphied From the visual range of
45 mi in fog.

Iless ~m Llite visuailrivc

---I



dust study. If such an error does exist for dust it would have to be

added to the inherent uncertainty associated with visual range measured

at an actual scene (Figure 5).

2.3 THEORETICAL RELATIONSHIPS BETWEEN THE EXTINCTION
COEFFICIENT AND THE DUST CONCENTRATION

Subsection 2.2 demonstrates how the extinction coefficient of

the dust can be determined through measurement of the visual range. It

is now shown how the concentration of the dust can be calculated from

this extinction coefficient.

The scattering extinction coefficient 2 can be expressed in
s

terms of the microscopic scattering cross section o , and the particles

size distribution function f as follows:

= rmax
3s 0 (ron,)N f(r)dr

rmin (7)

Here, f(r)dr is the fraction of particles having radius between r and

r + dr, N is the particle concentration (total number of particles per cubic

centimeter), and n is the complex index of refraction. The smallest

and largest particle radii present in the distribution are denoted by

rmin and r max, respectively.

The cross section for scattering of light of wavelength X by

a particle of radius r can be calculated on the basis of Mie theory. This

has been done for spherical particles having the appropriate index of

refraction for southwest desert dust (References 10 and 11) and for a wave-

length corresponding to the peak of the photopic vision response curve
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(X = 0.5 5 p). The ratio Q(r) of this calculated cross section to the

geometrical cross section is plotted in Figure 10 as a function of

particle radius.

We now note that the particle number concentration can be

expressed in terms of the mass concentration r as:
m

ma
N (8)

( 3(4/3)t r 3  p f(r)dr

where p, is the particle "grain" density, assumed heretob26 mc

(Reference 13). Substituting this expression into Equation 7 and solving

for the desired dust mass concentration, we obtain

r
rma r f(r)drr

= (4/3) ) _ rai
*g r (9)m g s/.max

mri Q(r) r2 f(r)dr

• / r .
min

Equation 9 is employed in Section 3 and 4 to calculate dust

mass concentration levels based on visual range determination of using

Ws

[here is no fundamental reason which prohibits generalizing the calcula-
tion to include the entire visible spectrum. To effectivelv exploit
this generalization, however, the film response to the v;arious wave I eugths
would have to be taken in to account in equating Equation 7 to Equa t ion 8
when solving for the desired dust concentration. Moreover, the ca pability
exists to caictulate the scattering cross section for more realistic
irregularly shaped particles (e.g., Reference 12) as opposed to pertectlv
spherical ones. However, these generalizations are beyond the scope ol
the present investigation.
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WAVELENGTH 0.55P
REFRACTIVE INDEX - 1.65 -. 005

T"S= as I

.01

.001

.01 .1 1 10

PARTICLE RADIUS r (J.)

Figure 10. Ratio of Mie scattering cross section
to geometrical cross section as a
function of particle radius.

Note: This is not to be confused with the commoniy plotted 0 /,r
t

(where o = scattering plus absorption cross section) fort

which the asymptotic value is exactly 2.
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Equation 6 and Table I. tn Section 5 dust concentration is calculated at

times other than those at which the viewed object is at tile threshold

of visibility. In this case is determined by the replacement of the
s

log-contrast-transmission threshold value of 3.5 by the general value

measured by the microdensitometer and by the replacement of the specific

visual range V by the general camera/object distance R.
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3.0 CONSISTENCY TEST OF THE CONTRAST

ATTENUAT ION TECHNIQUE

To test the cens is tenc v of the contrast at teno t ion tee -1li19uc,

films Of two different. but roull\' eon ivAlont, xht ere anlNzd.in

this particular case a spec ific ajspect of the technique, namely, dust

concentration predictLion througoh visual range determninat ion, was tested.

In Section 5 one of thle selected films (GRABLE) is analyzed further

from the more general stanldpoint Which involves concentra Lion pred Ic ionls

at times other than that at which the viewed ,)tijvct is precisely at the'L

threshold of visibility. For conIsiderationls Of thc present succion

threshold determinations were madc visuallv fromn tile proj ec ted image of a

positive copy. For the extended stUdx' of Sec Lion 5 thle originlA neg ati\'e2

as well as the posit ive copy were analVZeil With the aid of ai m ic rodels i -

tome ter , and some observations were made concerninog thle souitLabhiliIty o

employ ing the copy' as regards to i ide cit )I o contrast reprod uc t ionl

3.1 TIME OF OCCURENCE OF VISM ILITY THIRESHOLD

The two shots under consideration arc UPSIR)T-KNO]H OLL sie t 10

(GRAUBLE) and TUMBLER-SNAPPER shot 4 (DOG) , for which thle hors t paramete~rs

are given inl Ta ble 2. Also s h1OWn Inl thle di; 1ian1S are tie hurst a I i itudes,

ranges tO piO tographed sceneL, and burst eleva Lion alnles. I t is to o)c.

n1oLted thiat tlle uppe-r d iag ram corresponds to thle Ilesser x iel IW- o 15 1K1,

whereas thle lower d lagram corresponds to tie g ruaca r Vi Cid of 1 9 KI

Some yield-seal inig relationship for sliock-entraimed dust c011cC1tri tionl

undoubtedlyv exists which, if known, could be applied to Liii d lgrani1S tO

more nearly equal ize tilem.
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Oui this basis tile two shoLs are seell to Ku roIirh[li v i ivawl eat , alnd

We 1 OW d mnlo s Lra Lc Lt, iL :i L :ai ui L LIk s;IIe Lt L I I LL.1 silt)( k rr i v I,

IIl, K"<t i 0,-t [, I_ II I:t'- i,.i n -I~ 1 a dos; ', -p r l i ;l L I : ;; < ,

2ibotlt Lhe sai.)e resp,c Live c aIl ies 1o 1- oth, silots.

Figure ii shows two frames from the GRABLE film (EGG 16725)

picturing a boxcar viewed from a camera mounted 5.2 meters above ground.

The boxcar is located 37 meters from the camera. The first framle

corresponds to the instant of shock arrival from the left. The second

frame (number 628 measured from shock arrival) corresponds to a time

after arrival of 9.8 seconds and is the frame adjudged to picture the

lower left quadrant of the end of the boxcar at the threshold of visi-

bility. It will be noted that the contrast varies somewhat from quadrant

to quadrant. The vertical increase in contrast is a systematic variation

which is consistently noted in the films and which is associated with

a decrease in dust concentration with height above ground. Horizontal

variations result from the fact that all the billows in the originally

turbulent sweep-up rarely smooth out into a state of perfectlv uniform

density. The lower left quadrant has been singled out for exam ination

because it is in an appropriate position for comparisons to be made with

the viewed object of the fUBI-R-SNAPPER/DPI; film.

One should bar in mind that , although an IhndaIC ol snitahlc I i lmI
footage exists, it is nevertheless dit ficilt to tinld exaClIy equivalent
shots having equ ivalIen t camera loca tions, a ad most importantlv, lihaving
objects viewed from equivalent disLaIces anad vantLa ge points. le latter
equiva leInces are essent ia I in test i r"g whetier eqLuaI \ visua I ra ages are
observed at roughly equal times a fLer shock arrival.
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Fid'Utir 12 slIiows tun I -, rIuc 114S Cr(11 (m Him IJ FilIm ( 1(;(: 1 3 ,96) .

dark ob 1ct SC IL-C Lcd itrI ObSCrva I itI hermc 1S thInL ptt I it h(I or iZo1Lta I Ib1)1, k

smoke- StrnnrCsV-- miliana1t in-4 I-11 ro il -hn O I U in theL ioWmr- I cl I lorcm'ro;li I im'
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C orItm'S J) ld SLt tilt' onISmt 0 1 t im nm1aU I V pl;iS tutd LHi1 SL2moitd p)ictue tntC-;L

simtok,2- trCMtttrS a Lt thi t1hFmS IN Iud 0 i i 1)i I it'.' . '11im r aum p)i ct ur ing

LtIhrm'Sno L is nnth cr 277 fIrot sihock atrr i va I and corrensponds to aI tlimte of

7 .9 -Se2 ( cnds.

3 .2 DETER,.MINAT ION (OF INHERLNT CONTRAST

'To arrive at the extinction coefficijent using Lquation 6,

together with Figure 5, one must know the inherent brighttness contrast,

Co, of the viewed object. The reason for this is that the (C/C 0)trs

of Figure 5 is based on observations of an ideal black object (Co -I),

and unless the object observed in the present investigation is ideally

black, appropriate adjustment of the ordinate scale of Figurc 5 must be

made. Determination of C 0would require another photograph of the object

taken at close range (i.e., no intervening dust) at exactly the same

instant of time that the visibility threshold is detected. The pre-shot

view will not suffice, although it does view the object with no inter-

vening dJust present. This is because it corresponds to a different time

and, hence, to different background lighting conditions. Tihus, the

background brightness of Equation 2 would differ from that at the time

C thehis observed (Equation 1, with R = V) . At an\- ratte, the preceding
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considerations are academic from the present standpoint since we are

limiting ourselves in this section to measurements performed with tile

unaided eye. But the eye can only detect threshold contrast and is

unable to assign a value to a non-threshold contrast such as C 00

Therefore, C must be deduced from other considerations.
0

With regard to the T-S DOG film it may safely be issumed that

the black smoke approximates an ideal black object sufficiently closely

that the value -1 may be adopted for C . Concerning the boxcar of the
C

U-K GRABLE film, however, C must be deduced from an experiment which0

fairly closely simulates the nuclear test conditions. This experiment

involved measurement of the brightness or, equivalently, the reflectan-e

of ordinary boxcart- under background lighting conditions which varied

sufficientlv widc to en compass the actual test conditions involving

the enveloping dust laver.

Preliminary to the experiment, color film footage of railroad

equipment involved in the UPSHOT-KNOTHOLE series was viewed with the

intent of ascertaining the color of the boxcars used in the black and

white GRABLE film presently being considered. It was concluded that the

GRABLE boxcars were either of the ordinary rust red variety or were dull

black in color.

It will be recalled that the inherent contrast is defined as

Bob (0) - B

0 Bbg (10)
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where Bob (0) is the brightness of the object as measured at close range,

and B is the brightness of the background. But the brigitness of the
bg

object is simply

Bob(0) = ob bg

where R is the reflectance of the object. Thus, by substitLtion we
oh

have

C = Rob -1 (12)

This equation was employed in conjunction with mca,:urvmcnts of Rob,

performed on black and rust red boxcars, to dvtLrminIL- thu appropriate

C to use in analyzing the GRADLE film.
0

The experiment was conducted as follows. A freight yard was

visited around dusk on a clear day, and suitable boxcars were selected.

Measurements of the brightness of the boxcars were made at various times

shortly preceding and following sunset. The instrument employed was a

silicon photodiode photometer ("spotmeter") having a one-degree view

angle. Simultaneously, measurements were made of the background, which

in this case was the sky. For calibrating the instrument scale simul-

taneous measurements were performed on standard Kodak 18 percent 
(grey)

and 90 percent (white) reflectance test cards. As check points, mea-

surements on a piece of black velvet cloth mounted on the boxcar were

included. This cloth is known to very closely approximate an ideal

black object (Rob 0).
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The value of C Ior the rus t boxcar was determ ined giaph ically

as slown in Fiure 13. SpoLtmter readings of the sky were plotted at

the 100 percent reflectance level. This is because the sky, being the

sole source of light, may be treated as a perfect reflector in the

present context. The spotmeter readings for Lhe standardized reflectance

cards were plotted at their respectively known 90 percent and 18 percent

levels. These three sets of points defined straight lines on a Jog-log

grid. Extrapolation of the lines allows one to locate the reflectance

associated with spotmeter readings of the boxcar. The reflectance of the

LISt boxcar was -ound to beabout 8 percent, and meL.asuremelts on ti

black boxcar gave essentially the same result. This value of reflectance

corresponds to a C value of -. 92. As a check on the procedure, the
o

reflectance associated with the spotmeter readings of the black velvet

was determined. As expected, this ref lce tance turns out to be very

nearly zero (10.3 percent).

3 .3 DETERI XNATION OF EXIINCTI()N Ct)IFFICIEXT ANI) DUST CONCENTRATION

Employing, Equation 6, 5i,'tire 5, tile visual ran-es deduced

from the films, and C vaItes of -1 aid -0.92 for the smoke st reamers

and boxcar, respectivv ly, we obttain the Va Inc s of extinction coefficient

shown in TabLe 3. Here, the ';edi,i:i .ltiie ,,r tC C t r iL oI ill
t It i

We now employ ELquation 9 and the just obtained values of

ex Li oct O i11 coL f i c i en t to ca Ict la t e the dust conc en t rat ion. For these

calculations a lognormal particle size distribution is used which has a

medtan radius 0.61,., a standaird deviation of 0.94, and particle radius

k ... " ...
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Figure 13. Graphical determination of boxcar reflectance
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limits of 0.2 and 25tA. These experimental data, obtained in the

TEAPOT/MET shot, are discussed in Section 4. The resulting dust con-

centration levels at the times indicated are shown in Table 3. It is

apparent that the results for the two test cases agree sufficiently

closely to establish the consistency of the approach. The slight

deviation is certainly within the range one would expect as a result of

the known dissimilarities of the two cases.

Table 3. Measured visual range and calculated
extinction coefficient and dust
concentration for the two test cases.

TIME AFTER VISUAL EXTINCTION DUST

NTS SHOCK ARRIVAL RANGE COEFFICIENT CONCENTRATION

SHOT (SEC) (M) (CM- I ) (GM/CM3 )

UK-GRABLE 9.8 37 9.2 x 10-4  11.6 x 10-7

TS-DOG 7.9 46 7.6 x 10- 4  9.5 x 10- 7

/4 0~



4.0 SENSITIVITY OF DUST CONCENTRATION PREDIC'TIONS 'TO
VARIATIONS IN PARTICLE SIZE DISTR I U'lION PARAIMETERS

The particle size distribution assumed for the dust particles

figures prominently in tile expression for the mass concentration of the

dust (Equation 9). Therefore, it is of interest to investigate how

sensitive tile calculation of the concentration is to variations in the

distribution. This investigation is undertaken in this section in con-

nection with the dust concentration level calculated by visual range

determination for the TUIBLER-SNAPPER/DOG shot as recorded in DASIAC

film number F1481, (Produced by the U.S. Forest Service).

Selected frames from this movie are shown in Figure 14. The

viewed object under consideration is the tree that remains standing

after shock arrival. It is known to be 49 meters from the camera, and

both tree and camera are 1463 meters from ground zero. At a time of 26

seconds after shock arrival the tree is just at the threshold of visibility.

Thus, at this instant of time the visual range in the dust cloud is 49

meters.

The reader has perhaps observed that the burst/camera/object

geometry for this film is fairly similar to that of the T-S/DOG film

examined in Section 3. However, the times at which threshold occurs are

found to be quite different. 'rhere are two reasons for this apparent

discrepancy. First, in the present film the camera is mounted much

closer to ground level than in the previously analyzed film. Secondl',

the time of threshold in tle present film is determined after the obscura-

tion has peaked and has begun to lessen. But in the previous case,
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Lillie of thiresholId was determined bef ore ObSC urat ion had peaed and was

still inc runsing,,. 1 lie much liIower camnera in tilie presenlt c a e s( 1 okin. '

early thiroug4h ver\' dense dust and , consequentl t ile L rke is obscured

very soon al F Lur shock arrival . one innstL wait: un t il thle dIust. has thinned

out considerably before visibili Lv of- the tree is restored.

USing' then thle visual range Of1 49 met. rS , an aipprip rinatu value

of C f-or tile true, and the data in) Fig nrc , one can obtain the valu-e ofI
0

the extinecLion coefficient of the dlust at 216 seconds. One canl then

investigate the sensitivity of thle dust concentration predijetions to

particle size distribution variations by em1ploying differentf choices Of

this distribution in Equation 9.

'The Value of C 0for the tree was deduced from spotmeter men-

surements onl a pine tree in an experiment lk h n novn u

boxcars described in SccLion 3. The values obtained were -0.85 for tile

branches and -0 .88 for the t runk. 1We will select the la tter value for

Use here although11 the trute value- for thle tree in thle film is probably

somewhiat c loser to -1 dueLI) tocharring, c aused by the t hermal pUlIse . i Lb

C - .88 Lind V =49m we obta in for the extinct ion coeff icilent anl expec ted

(med ian) value 0f- 6 .9 x 1 0- 1Cm- with the uisual nomiinal error b-.ounds

of 120 percent applying due to var ia tions in ob~server contranst threshold.

In the present parameter sensitivity st udy the particle size

distribution to be considered first is that determined experimentally in

tile 'ILA'1'/MET test sho t. This Sho t, which wa]s de toniated at Frenchman

Flat, iiad a yield o~f 22 KhT and a burst altitude of 122 meters. Samiples

O)f dust entrained by the shock wave were collected at elevat ions of



I andL 3 m1tor-Is Mnd at diszInco,,s I oii rnidzr r ink) nc I m bUt) meters

tO 900 motor-s. tht. partici sic5ze is t r ilhIitionl, Lv a e ver It 1I

Col Coot inc l, S t iols , Was IOnnld to be I o no rmalI ill sIMape witl al nUmber

:1ed(iAnl rld inIs of 0.61,, al ma1ss modC~ian rad~iIS in o7.5 .. , m)(1I standard

aiaL !,I n it 1 0 1--9+ (lerco IS). L --' 'C1' AS I ar IS the'- prCosonII t lntihors- have

hecn able to as;certa inl, t-edata constijtnLe tire oril v jartic] o sizc

(I is tr 1irt !(intauoet reported inl connec tion with shock-entri-ned dnust

(2 1 U r1t L2d by Vnn(1- I CoaI-Ur bSts t S oUrt.-o 1 C L doe no' 10t 1)e i'. Lh I 2LOWor 1

and Unppor rad inIts im its,- of t Io samplIed pa 1rtL ii t.ocs r a and r 11u t

rom tie (I UZan1 t it L (2s suippi o le trno( thoIr wiLtLtre do CInL1 i L ions o f the

d i StrI i 1 kIt ionq nnm11l2er mI in, mwd iass, mod ian, two eqirat ions canl ho L deCr ived C

from whicith those limit is ma, b e do to n me in LIiqUno I to be0 r in=0. 21.

and r 2..

I ic (c it' i inl we.- alrc sn or tllre (cunmlkt ive) loa normail distribution

an Id ILSts assa itoLd pa ramel(ters i s aIs follows:

u L [ I + err (N-)]

V-r :1)( F-- - ri :r 11d .11r- c I t ldi lir 1%rd il. s a ad st rwi

d'Vitat i ll I- Len t' ) ivo IV



de I' ;*Ii I I(d x t li& t i :I C' 1 .1 i t , e I tItI I L.< r ii I L i 9 ' L1

0C,,' 1ii t I L 0b 5 I~Ids IIt ki ri l,ihh irij i ru L I . 'Liu

pa r m,..e L r vari i t 1\I''. 1 ;i i i,.. 11 in 1 i i , ,L r ,u L. I , .r % i,.,1 , i lk

MXimu I rtL i Ce rI di U - , k;,,. j 1 C< tr L' i-t' d ,i t l l c I i i I L I L t i I L L Ne

was aI t erd tO pr sL- ry, e v tlii imiiu r ind [11,1 55 _'d i a nii '51111 ;ISLl ri d i 11MEI,

It is seen that this varitL ion produces oil V a mll ch] n lList m,>,-

centration. Next, the distribuLion shape was arI)it rarilv Ch:IM.,.'d to two

exponential t rms commoniy found in nature (siown in tit i twc ' L S cltri is)

At the same time the lIOwer and upper rad ius I iri ts wi r. mod if icd to

preserve the MEi median rad ins data l th exponcnti i d is t r i but ions a rc

seen to give significant I lower dust cnncentrat ions than do the I ognorma I

distributions. For the final parnmeter variations cons ide red Lwe

arbitrarily adopt tile lognormal distribution measured from s amples oI

thermally produced pre-shiock dust eal leCted in tie [-S/l)OC LUst shot

(Reference 15, pagae 49). The size distribution of dust prOducLId by tler-

mal blowoff is obviously expected to differ .greatlv from tile di.;Lribut i,,n

of dust generated bv the slhock entrainment mechanisM. I'._ C'onsider it

here only for purposes of dust concentration sensitivity 1na1sis . TI is

pre-shock dust distribution, shown as the last entrv, %'iI lUs a lust

concentration Value which is more than in order of imnniLldLi l0%,oir than

that predicted with the )tE'hi lognormal distribution.

Obviously, only a small set of an unil imited numLber 01

possible size distribution varia tions hasten COnsidi red. FrM

'I
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those variations made, however, it is apparent that dust concentration

results are quite seglsitive to the size distribution assumed. This is

to be expected since Equation 9 makes it apparent that there is a

complex interplay between the third moment of the distribution (cumula-

tive mass between the limits) and the second moment (cumulative area).

The influence ol this latter term is further complicated by its

convolution with the widelV ran, i ng and fl uc toating Of Figure i. This

is not to imply that great Uilce-tainty exists in the results obtained

by the contrast attenuation tcUChniqu 'l. This would be so only if the

originally assumed MET distribution were suspect, and there is no

reason to adopt this position.

in this connection it might be argued that it is inappropriate

to use the TEAPOT/XET particle size distribution in calculations of

T-S/DO(; (Ist oncentration, since the latter shot occurred at a different

location of the test site, namely Yucca Flat, which might be expected to

have different dust properties. It will be recalled, however, that this

choice of particle size distribution led to consistency between measured

extinction coefficients for the U-K/GRABLE (Frenchman) and T-S/DOG

(Yucca) films alnalyzed in Section 3. This fact, considered together

wi ti the connection between extinction coefficilnt alld particle Size

distribution (Equation 7) strongly implies that the distribution is

c,,sel t ia L I tv Le smc in bo t li caLions.
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5.0 MICROI)ENSITOI1ETER MEASUREMENTS OF
CONTRAST ATTENUAT ION

In Sections 3 and 4 the extinction coefficient and the corres-

ponding dust concentrations were arrived at for a particular time through

the determination of the Visual range in the dust at that time. In the

present section the extinction coefficient and concentration will be

determined at general- times other than that at which the object under

examination is at the threshold of visibility. This will be done with

the aid of measurements of general contrast attenuation performed on a

microdensitometer.

5.1 NSTRUMENTATION AND PROCEDURE

The measurements were performed on the Marshall Space Flight

Center IDAPS (Image Data Processing System) which was developed for

Skylab experiment analysis. The IDAPS hardware consists of the following

items:

i) Film scanner

2) Terminal minicomputer

3) Interactive display and control

4) Hard copy devices

5) Host computer

The Film scanner has a scan aperture of 351. and can perform integration

at four levels of precision to obtain progressively enhanced signal/noise

See Fi,,ure 13

501
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ratios from 20 db t( o 46 db. The precision level adopted for the present

mea surements corresponds to S/N of 40 db.

An example of a hard copy image display and data readout is

shown in Figure 16. The user defines rectangular areas of the obJect

over each of which the instrument will average the transmittance and

provide a nanmerical value for the corresponding average brightness. An

absolute briglitness luvcl calibration is not required in the present

study since onlv brightness ratios are needed to determine contrast. The

rectangle to the right was implaced to obtain an average brightness level

over the lower left quadrant of the end of the boxcar. The rectangle to

the left was implaced to obtain the average background brightness level.

The readout on the left corresponds to the boxcar reLane and g4ives

in histogram form the frequency of occurence of brightness levels associated

with each elemental area in the scan. An elemental area is 5 pi:xCls

x 5 pixe Is, where a pi:xel is 17.5g. The minicomputer then computes from

this distribution the mean brightness, seen here to have the value 165.

The corresponding vlue for the background was 178.

From the definition in Equation 1 the contra st observed from

a distance R (37 meters in this case) is found to be

Bob R) 1) (R')C {,11) --(R ---
b 

-b-)

Bbg B bg (Il)

165
= - i -. 0730
[178

Using the vaIlue of -. 92 for C , determined in SectIon 3, one can solveo

ELqution 4 for the extinction coefficient to obLaiu the value
- -1

s = 6.8 x 10 4 (m Substituting tis value into Equation 9 and employing

..



V.[ 1

Jr

el-.



the TEAPOT/MET particle size distribution presented in Section 4, one

obtains a dust concentration of 8.6 x 10 - 7 gm/cm
3

At this point a deficiency of IDAPS, which has an impact on

the results obtained here, should be mentioned. Each elemental film area

is assigned an integral grey value lying betwecin 0 and 255, the specific

value depending on the measured transmittince of the particular elemental

area. The minicomputer properly averages these integral values over the

designated rectangle. However, the software routine is such that this

average is rounded off to the nearest integer before being displayed on

the screen. Unfortunately, time was not available to modify the software

so as to allow retrieval of one or more extra digits.

Thus, error bars had to be assigned to each measured brightne:4s

and to each subseouently calculated contrast, extinction coefficient,

and dust concentration. For the preceeding example these error limits

are determined as follows:

C 16... 1 =-.0676

1 ower 177.5

164.5C 178.-5 - =-.0784 ,
upper(14)

with corresponding lower and upper limits being calculable for the C

dependecnt quant it ies Zalld K.1 ' his round-off error becomes partic, ula rlv

bothersome whiei the vauLe s of B1 and B are fairly close together and

are in the tens range (i.e. , rounded of Lo a twu-d<i 1t in tL c2er ) . IL should

be emphasized that these errors arise from a rectitiable deficiencv ol

the instrument used in the present study, and the resul tant uncertainties

in the calculaLed quantities should not be attributed to tile contrast

Ittcnklationl teChni(que i'self.

--- , ... .. .. . .. ..rm n ' l ll . ... II II 11 I I I I I II . . .. .. . . - -- Il l l l . . . . . . . . . . . . " . . . . . . . . . . .



5.2 MEASUREMENTS AND CALCULATIONS

Microdensitometer measurements were performed on selected

frames of two U-K/GRABLE movies. The first film analyzed was EGG 16725

which was previously examined in Section 3 in connection with visual

3 determination of extinction coefficient and dust concentration. This film

was shot from camera A as shown in Figure 17. The second film considered

was EGG 16726 which views the same boxcar during the same time period but

from camera B.

Figure 18 shows the shock arrival frame and the selected suc-

cessive frames of EGG 16725 for which contrast measurements were made.

Note that the boxcar end is conveniently divided into quadrants. Mea-

surement of brightness contrast averaged over each quadrant or pairs of

quadrants separately allows investigation into the nonuniformity of the

dust cioud. Care was taken not to include in a rectangle any portions of

the light cross or letter "P" on the boxcar. Inclusion of these ligit

regions is not appropriate when using the C value of -. 92 and will lead0

to erroneous results.

Figure 19 shows the extinction coefficient as a function of

time after shock arrival as calculated from contrast measurements performed

on film EGG 16725. Corresponding results for dust concentration can be

obtained from these curves by application of the multiplicatiVe constant

noted. Measurements were performed on the negative original (obtained

from DNA Field Command) as well as on a positive copy (obtained from

DASIAC). It is seen that the copy consistently yields sligrhtly hii'hcr

values of extinction cooeffic iein tthin the orW i ,inaI. The lower two st't"s
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of curves demonstrate the expected tendency toward decreasing concentra-

tion and extinction coefficient with increasing height above ground. Ihe

middle set of curves (original) are seen to be somewhat wider spread than

the lower see (copy). T"ihi i, b ... lucuu u t t uui- f rLi - . .. ..

greater for the original (on account of the two-digit difficulty mentioned

earlier) and because, in addition to the quadrant averaging noted,

averaging was also performed over these bounds. The tendency of the curves

in the two lower sets to become compressed together at later times demon-

strates tLhu gradual approach toward uniform concentration in tile dust cloud.

Additional data points were gathered for corroborating the

values of extinction coefficient and dust concentration obtained from

measurements performed on film EGG 16725. The first set of these addi-

tional points were obtained from EGG 16726 through measurements of contrast

of the same areas of the boxcar seen from camera B at the same times.

As before, Equation 4, with C -. 92, was employed to solve for the

extinction coefficient. However, in this case R is now 61 meters instead

of 37 meters. Figure 20 shows the boxcar at the instant of shock arrival

as viewed from camera B. Note that camera A appears in tile foreg round.

Contrast measurements were made on the original at 6.3 and 7.9 seconds

after shock ;irrival1 and on the copy at 6.9 and 7.9 seconds. CaIlcul]ttd

extinct ion coeft ic ilnt vil ties Corespond ing to these teasl rcmunts fe,

tIe lower left boxcar quadrant ore denoted bv squares in Ficere 21. 1lhev

are seen to be in g ood ag:reement withthe valuiIes obtai ned froM EkGG 16725,

which ire denoted by circles.

Still further data points were ob toained by applyin, measu rement s

from EGG 16725 and EGG 16726 in combination. lure, a slighltlv different

01
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app roachI, wti ic ii lna ted tie use of- C , was La k n . III t lis ease the

at tenua tion in contrast observed in moving the viewpoi jt froni A to I, wal

ulsed to arrive ait the extinct ion coef ficilent. Here i- is oh Li med fror

CA s AB ' I

where C Band C Aare the contrasts of- tile lower [ci t boxcar qluadrant.a

mceasu red Fcorn irames piiotog raplied at the samne time byv cane ra s B and A,

respec tivuliv and R is thle distance bc tweeni A and B, nanecl v -11 mters
Ali

The reLsultingl xiutto cocien~t values, denoted bv t rianljgos it,

Figure 21, a re seen to corroborate thle o tihir da to.

FinllyIv, theI ci Iamo1CII6 ShIa ped dcia La point onl the lo)wtr curIVe. (C

ol ioutre2 21 is t1Ie value-1 o1 tlie ext inlc tiln coeFci iCit cd1cdii

SectL ionl 3 S rictilv From v isual I ithrsho Id doetc-171illia ion. I t is utwr

thalt tis determ-11inationl was llacidC r to anrd iIndepcL~IidentI ivOt tic 1c

Icinsi tome tee nme.Iirell(ieiL, ts

3 If AN) D CURVE CONS I DER-X ] IONS

Up to thiis point nio eonls I ira ion ihas 5been 41 yen to tile

a pI [cationl of F hiand i) Curve eor rec tions in airriv in,4 at Liet dies ired

hr i chit ness levels frcom tilie Ilic rodeis it ome ten t ii usei t LIiCLI S. NO soc II

coere t t:L'SL, '11)1app icLci teCacISe, at Lt-- timne ol wrti i i dIL'I ll:idi

lot heell 10 oAted o0r the( t i 1115 under(21 OX:aI'illilt iOn. iiolke\' J-, tijle I o I o.

d l1 - II-i OllI I j)IrV idi sc2 Xlc itat, :It I cast, inl so1 Fir1 aIs tilc or i* [

lltleis' o~CUIerci , scLICII corr1cIt iosLo tLeL hltLihtllss contrast I (, %e:

I toL I e ee LStIi t it 1 t e-X It( tji ItC 0L'I Iji lou1t l Il!d dus-;t 'Ilk'c'tiltea t i OilV Ia it

I re k to he ills i julIi i c aI]



In th f2Iilc-;t 1 a,'Ct it is qul Lu reasonableu to alssumeu that the

eXposure I a Li tude o f th Iu mu Is ion emplIoved was such thatI L, in thIei modera te

e2Xposure reion cons idered inl the seiec ted GRABLF f ilIMs,, the carac iic

curve is linear (Pef ere-nce 10) . I-Or this situal~tionl We have

B lii 1 (B)+ tB (16)

where D is the fi mil denlsity, Bt is the expostiu (wt t being~ the ex:-posureI

time) ,and l' is the slope of Lhe linear port ion of theC Curve, flut the

density as determined by the microdensitomUter is

B=log 1 0 Ui/1) (17)

whe Cre C is theL meaIsured transmittance. Comhining Equations 16 aind 17

%,e Obta in

weeK anld t are constXas. Ill terMS of tieL ratio Of the rec iprocal

Ll-nsriittance 01_ the iMn e of- tlit. obj~ect to that of thit llackcround we

k49)

:1'ow i is a1 stuiicd tO hle lin it v as: it UP. is ' t Io 0 so.l, t e o C1t /ha'ck-

crois tonrastis- ohtaji]d diet Ix I r .tet-Lsi o.ixesic

(B0 1 tilk 1,.1 L LIt . h: hL h

o; .1 ) 1)I Ii -(1

wk"('v r ,- Ilot lit i v, Liw l)~ th s i I MC i;s llL"!1J~



But Tb /Tob is simply the uncorrected ratio, B ,/B b Therefore, thehg o Oh I).'

corrected contrast is given in terlis of the uncorrecLd brightless ratio

by

Corr. (Bo )/B g) uncor.] (22)

Because the original film was processed under precision

conditions, it is quite likely that the 1' of the negative does not vary

more than five percent from unity in either direction (Reference i6).

Assuming this ma:ximum deviation, the corrected contrast can be determined

from Equation 2'2 to -ether with the uncorrected brightness ratios used to

arrive at the negative original curves of Figure 19. When this is done,

the curve obtained by averaging over ail quadrants is found to differ by

less than three percent From the F = 1 case, eith the variation in

e:.:tinction coefficient being in the same direction as the I variation.

Thus, the extinction coefficient and corresponding dust concentration

results obtained from analysis of the original negative can be considered

very reliable apart from H and 1) corrections.

It is seen in Figure 19 that the positive copy curve is

displiced upward from the negative original curve by an average of about

twienti peceiL. This deviation ca1n be explained on the basis of 1-Equation

22 t gou t her ,,ith the assumption that the processin' of the copy was

pr Iformed in such a way as Lo produce ;In aipproximaLte 1r1t'- percellt

eh11,'Ill c men Lt i n .

Ord i nar i l, this is considered a verv p ronounced cIha1CUinnIt

but it can easily be accomplished in copying a I im (Ret Crcnce 17).

0j



Mo reover , such an enhancement of Y' is inl accoird w~i th czlvea ts lye n inl

K'Reference L8 as to tilt. Unadvisahbil tv Of us trig the cop les inl pioltomie tr ic

ana-lysis . 'This reference s tateas that the pre(css ing of tile copies

4involved del-iberaite deviations from normal proce-du in all attempt to

maxIimliZe the LISef(u nss of Lthe f ilIms as re-gards to k'er1 t;a inl visalZ i IIIor -

mat ion of- lute rest to the users at the time oflmig thuRS , thut. GRAIJL

Cop lecs emiployed inl the present study represent an extreme exampic )Iof

contrast d is tortion. Ill spite of this Fact , it is resuigthat

extine LionlCC coeficient anld dust concentrait ion results derived F rem the

copy di ffer so littLe From results derived from the or ig inal

it L ris lwu 1 i iFOU l L Lo tie I L' iL ent i I'l I Li W I ill - I .LiL t 1iL LXjjL i\~
(2111 k '\L~ Ii X d in 1 L w lav, S Ir 'X iL IL 1 11,i 1 1, ;VX'I, L ivc ,Fi i 11,11!. I P'

1Wi rL0 1 j ( l )' I . vii in LilyI vL I~ L. t> Ii> Li

ii i 'vo cd til i iiir Li~ iLX'uI IL Di Ci Ii \ Vi i i. pl. I

tlise.L 'ind i's rLco.l iiXd VsaI Lrn:L stuis L: riSL L , 1 i, IL V.

i lV d 1,1 t~it Li 11' I i L-ijz L iv L i e Lii '.I", i < iv' i 1 ll

IL ~ ~ ~ ' is- Li. t IL ' i . 11. fi i : I , I i t i I XL

Liv 1 Iv -.vk , li I ov.' i d, l I I . t i ' i )lL iv-:- I it 1 vi:- Li.1 v L .v. I .P -

'LII'':-.5 I v ILiv s-. Xv l ii I i t; iv I i Ii M 1 I' ill '.V. I



6. . 119 ;'1 P LAN

6. 1 I NTRODUCT ION

'[he con1trast attenhi~it ion tLuchti(IICt IOr- dt'diLie ill' outIL concent ri-

t ion [evelIs f rom NI'S I-iI ms s I ows e reaL p rom St s t- I r L'x L ru'ic IIIII S'L-I I i l data

f rom thI e ex is t in',t I il I ihbra rv. InI add it ion to prOvid in, a new ltype LY 01o

measurement from thlese arch ived f I IM Lii te tet'l11inI ie Ccan 11l so hOe useud tO

nioi'4ili ize e\xis t in compter L codeI-s a nd/o r ass s t t he ph enoIflc c 10-VMode LlerIs

ill thilr t'ormjdh leC task oi- descr i hin-c duLst environments. lotever, Lmuless

tile accuracyV, l inita t ionlS andC senlsitivities Of the techn11iqueI areL qut1 i ta-

ti'eIVkniown, tie r(s Ii t in1'4 dustL Concent rat ions wiill he viewed with I

s kep 1)Li c a CbV e \ P hL a n poen I I uISert . I t was to d ispel tI is, Skept ic i si>i

an Id to prov(\ ideu c oncte, 2LCvlidaLt io n of th iIe c o ntrastL a t teun tt inoi L(C11 ehi quLe

tha,1t C o111pe I I ed us to0 re(2commen1 d tOlie series of tests :4jven) hel1ow.

AS nenC~t joiid aIhowe k, ther-e exi s ts ai coniderahl e number '1 1fin

t keni diir in- a trosplier ic te-st il n )' over anI extensive period of- t inie . MaL it\

01t thet-Se 1M 0im 1ont In con('1tra,'s t aIt t(2nnaL in ju1 r0 t ionl, i . e. , a tAi r'-c-

and camerai separateLd h)r a known d is t~inlc aind hoth i envelope.d hv thle swee p-ulp

duLs t so aIS to pa rt Li I I v orI t otal I Iv ohscu re the ; tr 1ct at aIL knlown t inme.

UL to rt una tecI v , hfor many of t1ce I i Imis the1re t'xis tS I itt I e or- no deLi us

whi Ch We could loaeconlclIit'l in htcrpiI poeue. rut551',ad

evi culmr rast ic [Ithle r tlo;in e i inii 1151t e sueh I i f Imsfro tle. aIvsi

e 't:11IAt i iL t1IiiV he psO- ih1 I e o atlat houn thi1 d list11S coii1Ct'n-

t it ion 1 r i v('d I roT:' t hitill b%.' aI czu rl 1 1i :ili \'1t1 ic St isAx' o i th li 'eXpeCL Lt-d

11 to LiW :I



D uring thIe a;jIv\s is el ftort reported here in ,tihe nu) Iear tests,

thrat prov ided thre datLa wo-re T'UMBLIR-SNAPPER and UPS1101-KNDOllOLE. LothI

o I t hose tcs t so r i es I ove2 ad t.qoJa te (lotm Lo at iOn 11va i lab 1 e to d! t erm Ine

the not esso rv exper imen to I CCon fi'. nra tions; threfore, we wiLl model thu

val idat ion experinlts L1pon1 thoeL spot fit tasus . Du r ing, the volI ida t ionl

tests, we will also oh Loin ito to for use %w.ith f ilms from o thor nutclear

Los ts e~ve n whe re su ff it len11t expe r i monllta 1 de ta i tIs nar lookin

A niumber 01- known potent lal sourtos of error exist in the2

ctot rost at tour at ionl met hod of d etc rm nlinglI duLst conctent rat in Ii from N

ilis . fabLe 5 lists those tritical parameters. The intent of the valida-

t t~ n txpe ri ment s is, to) flu*a 11rt tlh sensit iv it v of the dedluC ed dolst ton1-

ce2ntraL 10on to ec p) Iratll r aIs wll as the CUlilIat iv'e e2rrors .

i~otii thet (~er d n!LlI11( i il.2 to, !-,,u.-cd the validat!ion 'o-

men.!L tW11l I !)e S(2 12let te to) mct LCI, as- Cls ISIv as JS 1 ibl e2 tho0se uIsed for

toe nuCcar te.sts . 1n t1his witv we willI he Jbl C. to perfonrm speci f it ttts

uinder bo th I ohora torv andL f-ield cond iLions to, do,teri,,inc the ir hehavibr

anid relateLL it to the uncea tst filmH data.

Hurtu are, ai 11Llmlbr o1 parameters which of-toc t theL f ilm1 data

thatL relate to awtl] Lost conditions. he i rke the bakgoud lminace.

dust; part it he i d istr 1 hotion, and1( pa rIL title :rot iou a1"d scat toril at

I-(. lot ionsl". Ve w i I I moolsli ret the back groundl I U11illoute, dust S don t y

i 1t il I U S i /C , anld tIeC in~dex- o rt I~ rat t onl Ior tilte dir t p:r i i I L--, ictua (11I

eL-1i( 1iiIte'r(d dur~r ilug theL phrrpiC itlI ses .

69



'ki1)I1 5. Cr it I cdiI ) 1 -' II L tLrMI- :1 klc L iI I--' LhI
a~ll~l0'11 LIL' c(IlLr~I~L aLlLu t ~ioll

[Ncut Ilod)t I du tuL rm in i i', dLIS L ((1((1 colh I

t io iiF r, II NIS 1 1 Ims

PARAMETER SPECIAL ISSUES

CAMERASCATTE REDU LIGHT

CAMERA ~~LENS SPEED _________

FILM SPECTRAL RESPONSE
SPEED
PROCESSING
ORIGINAL VS COPY OF FILM

BACKGROUND LUMINANCE SPECTRAL CHARACTERISTICS
TIME DEPENDENCE
UNIFORMITY

PARTICLE SIZE SHAPE
DISTRIBUTION MAXIMUM AND MINIMUM SIZES

OUST ABSORPTION AND INDEX OF REFRACTION SINGLE
SCATTERING VS MULTIPLE SCATTERING

VISUAL RA11.G[ FILM VS EYE

" I i i iK I I t1 i *l 11 L I I2 [cO s~ v



lahiLl 6. List 41 oumcras and f ilms uised ior

dIoturmiulil>; Just cooocltratioll bV
C0 ILtrat IsL att(2nLUatLioll111 mLIliod

SPEED FILM
TEST SERIES CAMERA (FRAM~ES/SEC) (TYPE)

TUMBLER-SNAPPER MITCHELL 35 918
FASTAX 700 9 1 "

UPSHOT-KNOTHOLE BELL & HOWELL 64 916

G SAP

6. 2. 1 M1i t ( 1 I iCamonra

I i(- 33 EI !i dil Spoo-d >Ijti l I [LTlulora i s ai proc 15100 un i t

captablIC t of 111 1ame rtos- upl to 1 2'1 Iran1Ls/t . Opt [LaI lv, i t has t he ii ji

reso hit ion clui raoctt it s ot p ',; )1ro ! SS ioua~ 1 icot i on 1) it turc tejtliplout I ld

was used 1-or wo rk be twoun 2. a nd 10 1U tranoms sec. Due to itLs Lair _L rai c

anId f mo 1 oso lUo t ioul, i t p)rodot)d t O max iMUM amlouut o f into ma~t iou plCr

f ramec o 1-1111 anti COUld oa Is ii I 1\ inorporaitc a t 11illn" lI c/it noutod ont tiic

liousin,, door to ohta i tin 0  acsoil thte s ide ol Ol Ih ii

hut or tuna to , i t is al kiar-c :ind oon vrioO01 CqIIl )IpCLu

which restricted its use. Add itionaIltv, for uoic oar tosti100, its larc

s i zo made lead sh ielId ing4 mo re d i f I ito Il t L. Ih ro t r , L Itt' list' 0 1 t It is

camera was coestriotod to stat ions1 WimCoU (lou i ~Ltt \' iniornlat ioul Was

tltl5irod and bovond the d is taMooS WtImCo- Slo Id illn was, eonsidored nottL'ssmlv.

Lo ight ai rni p n e'r



6.2.2 Fi.-stoX Ciii11iero

Thu It 1 11 m ll~ tI (,Linurdi It .1 ont j 0110115 Iot 1il-r''L't il li'

pr ism Ior Vovey 1 :4 speed iiov it-s. Al I~ l ih I,- fv ij,- ilt I jt% po-

t h i- ea111Cro ~Ie a e1g ex<pos-ure. so t ho)t i t s';Is- Io I~c .1 I k- Ivle

i t Lim L iia t ion 1as ovl a V a ah ct.

6 . 2. 3 (;SAI Comeira 's

hCel Ik 1 1 owel I C ull SighIt Aimling_ Poinut (cISA}) l16:.(I.t i

Were Used For the Fliii or i Lv of- cases. Due to its sini I c o':ipac

they were ea'Is ik shielded . Also; it Was reJltiVe 1VNi11jt0 ' 'i

filml IMainles to loci! itate loading.

T1li e st Lo ck C SA1) ca im era wa v is I L IFnIiS I Ie d W ith a I c I I IoUII i, CIt s II

locus ! lns wh1 ichl was notL so L i sI a Leorv I-or the tvpcL o I~ ph I 11) 1 i rs Ii ts

decs ired . These were replaced bv the 1manlufacturer wit LIi01c a lens

anid the camiera Ilodi i(ec to prov ide ai "C"' tpe lens :a'iint . *ili-I I Il.111Te

Was Made because the p~hotograph>' Was no0Ltlol :It ticL L'I ct Li''e i11 L' t

F 0 ~~~~f the L s tanda rd l ens anI d I h s o 1ecns tC gao tI ISCLJIk IU t Ile rL' F C 'n I

lenses was muchi better thll tlot of the o rio 'il no I ego 1 poe a.

The Canier-is as Feet''i0C Iv~ from tilt' !l1Al~Il0t1' tlCtOS. )!I ' .~~l

a o I01 ilpator iiid the( 1C I lseCLS sI (11Ldlt to VCe t i I llr~s L' S0 1155 1i r 0L

X cw I((1110 10l I ma1rks v'erc thiII et ched In tlie I eiis rioun1t s5. I i i e (e I I t

Wec r ost CtLi Vm ~lIOFOS.' W1i li1 ha-d gi Veil I reshilulil 01 ! im'x ::it

I ') I 110 per!- I'l' 171 jo(t tr :111 I ld IC S I I h iF C C011 c i liltLiiij.' sta;IrtLd tO ' Vl C I

o0 1 1S i li t sci1 li I' L 11 1) t I O 10) L 0 ) () I i 1iC'S, 1) L'I l in i 1 I c t e F . A I I 0. F P It'~ I

L'ereL t I1111 ice~k keti'Itd ini.i I> 0~ n L' 1 L'C t ico I I V 01111 Mi01 - 1,1 iti iit L!i 5 Pil



As a rteSni t S i the car I-'liLn thIm, ~leII SKAP I ci; ris 1 ,i I)Ik'I, Ite -':tLrC!Ae

\se t Mks' IiM 1 3 1 Vjta I '-; Wn L -it, Av 'l V - C Ic 1t I ~it ianl inI t I k

0 . 3 E tRi''IRIIN S

"i I I R IL inno leCll "I ras (')l It a I tLL'Ina~t i1I n - LjIo w vi I he

Sn 1i 1 i 11 tiS I 1rL'aId U:: i st i 1W. . Iv dn V L I I iCajt inl" as I a S v 7 a IV t it1 C t I (.L I~

ftl i jlls- as pe-ssi . newck seurcces C I I -srers u etwee (2uII Le val idalt ioen

tx 1ecr i cI I nts ; IlI I t IIe -~ flt IS I I i. 1 l :t itiiiim i zkl ItL is fo r this r Iso ii

tha, 1t t It dilk ice(-s IC I Fit c ers I s I i s an:-; ld () ine I- n C Il ~Ilet a r(2 coins t ra ined

man':l 11 chle I o ,( -- we coI Id ilipr)t-ve\ the L qcnIta I i t:v ot thIIe daa hnbut s inc e

aLin rep Fc)r dne I Ic n1 i s dLIre Cd , t ilSW wi I lk)t Lhb d0nIe.

Ii.3. Ei ipIVIent RLepti iremTWntS

ni .l I s A (Im rasl ant Si inan t~n

.\ i~t n il I~. la i IIvinL' Aars wa md e Lo d isc,

k 7 'I-r, 1 i: is an theIkLr cI deta IilIs wi it pu rsoili el (I inImatl v iam i I ar w i

tS ;w i 11' da. I It WaIsL!I' thir CollLenslus thi, se er I prel-hIUMS ex-,ist

In It I Iit I i I dn 11WOik" l, Lilt' '(JU i l Ln nIsLed ktil in. tlmc nId It Cir te(,s ts

W('iL 11 I1 1-. -\ in i we) ill' s a ) . P 1.1.1 \n C, Itar

i I i~ ' lld~ oht- i iII thil I o oirl exper ircl me -t, lii t th i % iI i requ i re

'l A I.lI I. In li l I I s t til nJ h , Lii l ense Ise tnII ';I c I tit 1. Al' 11:,

I [W I l k IL t1 .1 : I' I L i 1) Ill 1'1, 71 1i a il ( I 't I t ~ t t



A second problem men tionied by IT&C plersoninel IWas tIjIL procu

o -Kodak 'Type 9 18 f-1 im used to r at 1. oif tlie NI'S f ilms we-c have coinsiderL

Iti is I it In is tno longer monolu fac Lured by Kodak antd would be dii liculI L L

obtai inl. A careful study wit.] be required to see if dv~iiliilc' I [115~ m

the 918' s oliaraet-cristiCS or if Kodak wit'i Ilimanufacture Tye918 in -so

dient quaizntity for our eXperimnts.

U,,-e- of 'Iitchbell1 and Fas tax camerais I or le Va Ilida t P n o:'pe

men Ls shouold not pose arnv p rot) ni s . 'liue are sufftic ient quan0tit ies

thlese ca~mo ras in EG&G s handLs to sat 1sf% vour nteds . Fi i-n for t hese C

shtould a ilso be Type 918 so the previous rema rks a pp 1v hlerease

6. 3. 1 . 2) Duet, >tealsuremnts

A num111ber of ill sit to duIIst L me~sur Lm-, im nstrments h e useL

tO ot i imeAo-rek2jed part to, leVzs rom this da;til Int h"piln iI',

s i ze d i s;t r11) 11 L io i I I be, i ii)c i fIIerred and uis('d to oat I bhralt t ho- 'ont Iust

t Lt iL11, L InM a list '010' olt t-at 01o f C't k'or i il t i ti. llit( lck-l f t, i 'a - Lo, S

)oii~o' ut 15 to p sIx P1 ItVotI [I t' i II't - 1tSlo IIt Iat ,) Ii t0 'it "I

I t L t s 1 1st o 1'i [1h o it , i -t' 11 1h 'ii t ds oi ol i iLlS a

littL Iur tt t'. I1aT I i alit . tu L dci IIt t scrip ru ts .in Il

A I rtin t C tli ; i l



iiii I L LJ fl cS2n1 L,'j iV1 IISL'd ill 51l-1)01~ IiLisil stL i Ls] nt l
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1.L'L S UI- lI I t5S OILk' Lo1btLa [no) d ILLI Id )V S' IL L 1<, tllo IJ)1)1-1t-f l L tl k , .!:J i0'nL

dLIII , orta11L S L I/L' 1;II1 ',L'S Cn1 ho 1) L lL Many ol I LSL 1115 - nuL c'Il-

boonl LISoLI t 0 -IUF I -Ll 11w u lust t'Ol L'oIL ai L ionl ind par I-L'l s zdi s L sI-

Iin a [OLtLV 0f 1 fod L t.'SS

Mo ~ t 1:10 Lo Ia i o I V is. )SL L'I lt S Zi I-trono tnl b fo tni

LionUC ospor I itiLo Somrc Ih t1 l~ Lho o m n tlI110 ansrj ~j- zclvii [ohio or

arix'r LA t 8jiltI8O f LL L I In adL i)t) i n pro a< Lli lot> oo pa.
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Thue c ameiras wi 11 ha-ve f i Ill enIIgthI S II sI bl U for theI Uxe teX)(!Ld

test duration. Thlis may range from one to several mlinlu ts depend ing

upon01 theC predi tedC dJust cIlud's behavior. For both thek GSAP and >11 theli

cameras, the required f ilm lenigths will be aboutL 200 Ft/mli n, WhilU tLe1(

Fas tax camnera will require considerably longe,,r 1 engths if used at the2

very high speeds shown in Table 6.



.0 CONCLU SIOINS AND R LCO LMLNDAT ION S

It is concluded from the preced in,1 StudV LhL aUreCIlt

of pto tograpitic contrast at tenua ti on is a feas ibie mfeanls 0I I aSf r t a in11i1

the extinctijoln CoefFicienl-t and thc concentra t ion oi- shock-e-ntrained dust.

'The contrast at tenutLion mneasu remen ts cani be perform~ed visual lx- at

specific instants of time at which an object at a kn-owni distance from

the camera is at the threshold of v isibili Lv. Al Le.rna ively , and more

peneralty measurements at Limes otiher thanl the ins tant of threshold 71ax,

be obtained witLh the aid of a mic rodensltomc~cr.

Ext in1c tio 01Coe(2f f i Cien1)t reQS UlIts ob01)taine-Cd byV viSua IM ean weS%"Urek

Found to be in excellent agreement with those obtained usine, tihe Cali-

bra ted inistrumenlt. Moreover, consistency of tue method was verifled

when results ohbtained for two/L different test shots itavimf, rouglyl

eq u iVa lent sea le.d test co udItions were Foti td to be' ill Close a e reemell.

iFt r tfiler co ns i s ftc v wats es tai 1)1 1 i hed Whetn me1Lasu rem itS onl S imn tane1OUS

frameq(2s o f t Iie sami iie oh1 jecet p I1Loo',rapi1)11ed f ro0M d i IF er C11t d i StanI ICeCSV yiel Idecd

o s U Al V ieI; C i ni1 r 's ItIi t s

>1 i C rode C1is [ Li 0 eL 2c l t I Src U 2f1t nL S WC rii lit 111 1e- i dk 0 Ii -e lee te(-d F7 r ks

of 1iLe o r i1,i liai I iLa jve , a lid id ell tjea I 111-asitremeilts \,'oct peeeI rmed o1l

hu liIsm 1%rlieS 0I ai oos, i t ive co01W. D1e I o

1' 211, 1 1 S, titI resi ts S IL t0 )tAi IIeii f r om titn i (11,IreL expel'c tod Lto ho t v erxv

CeU I1WV1 ,a ie 11oeCe S ti t mixV i lxii Clt ted tiial t OVon1 Cop ie CS t W i hWere

proesx i are I ess IxY or W Li i( do i i hea to L'(011 t atd is tot[- t ions, I FL

ci p-i I t'o (I xi i dim ': ex t i 'lol C ( c tft I i Clit Va I I s L' ii I in.' Within l twt H,-



Ilus t co ncen tratLion tleve Ilo 're L' ] l U I t I 11: t iI II(. LIas ritd

extinction coeff ic lent "alues using~ severn I inl %", 1 1ts , Irb itralrv)

choices of particle size distribution. The CI rLS L t i IICoI kL c n L rat i ion wa Is

found to be quite senisitive to varin t ions inl tI (Ie di. t i hUt i'n , iMrpi v in'

that care must he taken to corructl\' spec iv t" he d! istlribtit ion). FO I-tLIMI t CI,

no0 uncer ta inty in the calc ul ated dust CO11CLnt rat ion is iot rod or' d b,, this

sensitivity s ince reliable experimental part iclec size d istr ibution data

for shock-entrained dust from an NI'S shot is available.

A nlumber of potential error sources associated with the

contrast attenuation technique were identified in the Study. With rug Ird

to visual determination of threshold contrast the most prominent error

source is that resulting from variation among individual observers in

the eve's tlireshiuld level. This source of error is eliminated, however,

when the alternate approach of measuring the contrast with a microdenlsi-

tometer is taken. A potential error source that remains, however, is

the possible lack of fidelity of contrast reproduc tion throug-h the

phiotograiphic process. Such a lack of fidelity was experimentallv

demonstrated in the study for the case of fog, hot it is impossible to

extrapolate the results of- this experiment to the dust and the particular

film and processing associated with the NTS tests.

In view of the us tabl ished prac tica ii tv of the (conltrazst

aIttenon tin n technique1 it is recommended thnt it he f ull,,, uxp Joit ud

ti roudli ai pro;4ram of compruhiensivye men soremenL.t s on -ill so i(,lahit' N'TS film~s

BV thiis mu ;Cs 11 ill' n1iaws ca;n bu cons tIm tced whicLh rulitu the deduced

duist concentIIrations,- to ail1l rel evant paraimeters (e.,v jld , 110B,rac

a Ilt it IU, t i mu, etc. ). (Xniirren t lv, sk- '1p (11i; tcode cillcula tionls



should be performed for comparison purposes. It is Jurther recommended

that a similar comprehensive measurement program be carried out for

films depicting pre-shock dust. Also, any possible refinements to the

theoretical machinerv for reducing this comprehensive set of contrast

measurements to dust concent ration dlta should be undertaken conc urrently.

For instance, refinement of Mib cross section calculations to take into

account the entire visible spectrum and the non-sphericity of the dust

particles should be undertaken. Furthermore, in order to be able to

correct for any deviations in contrast which may be introduced by the

photographic process, the extent of these deviations should be ascer-

tained by means of the simulation experiment discussed in Section 6.
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